Purpose: To establish whether a relationship exists between computed tomography features of lung opacities in severely neutropenic patients and their Aspergillus or bacterial etiology.
O pportunistic pulmonary infections often develop in patients undergoing chemotherapy and/or bone marrow transplantation for hematologic malignancies, with average incidence between 40% and 50%. 1, 2 Prognosis is severe, with mortality reaching 90% in some series, [3] [4] [5] [6] partly because of delay in starting specific treatment.
Difficulties in achieving a fast and accurate etiologic diagnosis of pulmonary infections are responsible of delayed therapy. [4] [5] [6] [7] In particular, the major challenge is early differential diagnosis between bacterial and fungal pneumonia, 8 the former being more common 6, 9, 10 and having earlier onset than the latter. [11] [12] [13] However, the incidence of bacterial opportunistic pneumonia is decreasing, 14 whereas fungal infections-most often caused by Aspergillus species-are becoming increasingly common. 5, 15 Clinical and laboratory findings are not very reliable in etiologic diagnosis, 16, 17 whereas the usefulness of the detection of Aspergillus galactomannan antigen is still controversial. 6, 12, 18 Microbial isolates from blood, respiratory secretions, and tracheobronchial aspirates must be critically interpreted with respect to their etiologic relevance for pulmonary infections. 3, 4, 6, 12, [18] [19] [20] [21] [22] [23] Although more reliable, bronchoscopy with bronchoalveolar lavage (BAL)-with or without trans-bronchial biopsy (TBB)-has a variable (0% to 93%) diagnostic yield, being about 50% in most series. 6, 8, [24] [25] [26] [27] [28] [29] [30] Percutaneous computed tomography (CT)-guided fine needle aspiration cytology and open-lung biopsy are more or less dangerous in these patients 5, 18, 21, 31, 32 ; their diagnostic yield-low according to some authors 22, 24, 26, 28 -is reported by others in a range between 70% and 80%. 5, 12, 21, 32 A reliable CT-based differential diagnosis between Aspergillus and bacterial pneumonias would be very useful. In effect, some CT features of lung opacities have been granted an etiologic relevance by some authors, 8, 18, 19, 25, [33] [34] [35] [36] [37] [38] whereas others believe that in most cases CT does not allow a specific diagnosis. 20, 31, [39] [40] [41] The aim of this paper is to define whether CT features of lung opacities in immunocompromised patients allow to differentiate between pneumonias due to Aspergillus and those due to bacteria. department between June 1997 and May 2002 with radiologic evidence of pulmonary infection were reviewed.
Patients were included to the study only if the onset of pulmonary infection occurred during severe neutropenia (peripheral neutrophil count <500/mm 3 ) lasting 7 days or more; 148 patients were therefore excluded. Seventy patients in whom a definite diagnosis of invasive pulmonary aspergillosis or of bacterial pneumonia could not be assessed were also not included, and also 17 patients with suspected or proven pulmonary leukemic infiltrates. Moreover, 41 patients whose pulmonary opacities did not present at CT examination as nodules larger than 5 mm or as consolidation areas (eg, very small nodules or interstitial opacities) were excluded.
One hundred twenty-four patients with infectious foci detected at CT fulfilled the inclusion criteria. They were 50 females and 74 males (age range: 16 to 73 y). Neutropenia was induced by bone marrow transplantation and/or high-dose chemotherapy for hematologic malignancies, most commonly acute myeloid leukemia (71 patients), followed by acute lymphoid leukemia (37) , chronic myeloid leukemia (7), chronic lymphoid leukemia (4), non-Hodgkin lymphoma (3), and multiple myeloma (2 patients).
CT Data
Chest CT scans were performed within 24 hours of the onset of fever (>38.21C), independent of the results of conventional radiographs, and were repeated at 7-day intervals in all patients in whom pulmonary opacities were detected.
Chest CT scans were carried out with a helical CT equipment (''Somatom Plus 4'', Siemens, Berlin, Germany), without contrast media administration, taking 6-mm-thick slices with 8-mm intervals (8-mm slices with 10-mm intervals in some cases). Thin-section images (1-mm thick) were obtained in all patients at the level of the infectious foci detected at the preliminary CT examination with thicker slices.
One observer (C.B.), blinded to the microbiologic diagnosis, classified all pulmonary opacities detected at CT as nodules (if rounded and sharply outlined) or as consolidation areas. The presence of perilesional areas of ''ground-glass'' attenuation at thin-section images (CT halo sign), the similarity of consolidation areas to a pulmonary infarction (triangular shape with apex toward the hilum and base on a pleural surface) and the presence of cavitation, either crescent-shaped or not, were recorded by the same observer.
Microbiologic Data
Invasive pulmonary aspergillosis was diagnosed when Aspergillus fumigatus was isolated from BAL fluid or bronchial washing in patients with a lung opacity and fever lasting at least 4 days despite broad-spectrum antibiotic therapy or when acute-angle branching fungal hyphae consistent with Aspergillus were found at pathologic examination of lung tissue obtained by means of TBB. 27, 29 A diagnosis of bacterial pneumonia was made in patients in which a pulmonary opacity was associated with two or more positive blood cultures, or quantitative BAL culture showing at least 10 5 CFU/mL.
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Statistical Analysis
The w 2 test with Yates correction was performed. The differences between CT features of Aspergillus and bacterial pneumonia were considered statistically significant if P values were <0.05.
RESULTS
In 68 patients, a diagnosis of invasive pulmonary aspergillosis was made. A. fumigatus was detected in BAL fluid in 17 cases and in bronchial washes in 44; in the remaining 7 patients, the diagnosis was obtained on the basis of TBB findings. In 56 patients, bacterial pneumonia resulted from blood (32 cases) or BAL fluid cultures (24 cases). As reported in Table 1 , the most commonly detected bacteria were Staphylococcus and Pseudomonas.
As reported in Table 2 , nodules ( Fig. 1) were more frequent than consolidations (Fig. 2) ; no significant relationship was observed between either morphology or etiology. The perinodular halo sign (Fig. 3 ), although fairly rare, was significantly associated to invasive aspergillosis, showing a low sensitivity (25%) and a high specificity (96.4%) in this diagnosis. The triangular, infarctionlike shape of consolidation areas (Fig. 4) , and also the onset of cavitation phenomena (Fig. 5) , were more common in bacterial pneumonias than in aspergillosis: this relationship was not statistically significant. The association of the air-crescent to bacterial pneumonias, however, resulted significant at statistical analysis.
DISCUSSION
Despite different data regarding the yield of the various diagnostic procedures, there is general agreement on the improvement in the outcome of severely immunocompromised patients with opportunistic pulmonary infections when early etiologic diagnosis is made and specific treatment can be started. The most challenging task is in practice differentiating between bacterial and Aspergillus pneumonia, as empirical antibiotic therapy has no effect against Aspergilli; on the other hand, most authors (until a definite diagnosis of invasive aspergillosis is made) refrain from administering antifungal drugs, which are expensive and may cause many severe side effects. All authors agree on the usefulness of CT in the identification of pulmonary infectious foci 8, 12, 23, 30, 35, 40, 44, 45 ; however, the yield of CT in diagnosing aspergillosis is controversial.
Pulmonary aspergillosis may present as airwayinvasive and angio-invasive disease. Airway-invasive Air-crescent indicates half-moon shape of air within an opacity; cavitation, presence of air within an opacity; consolidat., consolidation areas without a nodular pattern; halo, presence of perinodular ground-glass halo; nodules, rounded, sharply-outlined opacities; NS, absence of statistical significance; triangle, infarctionlike-shaped consolidation areas. FIGURE 1. Fifty-one-year-old female patient with acute myeloid leukemia, with a nodule due to invasive pulmonary aspergillosis in the left lower lobe. FIGURE 2. Sixty-two-year-old male patient with chronic myeloid leukemia, with a consolidation area due to Staphylococcus epidermidis pneumonia just anterior to the left major fissure.
aspergillosis shows at CT a nonspecific bronchiolitis pattern, with small centrilobular nodules in a patchy distribution often associated with thin linear opacities (''tree-in-bud''). 17, 18, 20, 25, 46, 47 Patients with these CT findings were excluded from this study.
According to most authors, CT features of angioinvasive aspergillosis are more specific. In particular, small ill-defined pulmonary nodules that may coalesce in some days have been considered highly representative of angio-invasive aspergillosis, 18, 19, 25, 30, 33, 38, 46 ,47 because they may reflect thrombosis of small arteries and hemorrhagic infarction of the corresponding lung tissue, 36 while lobar or segmental consolidation areas should rather suggest bacterial pneumonia. 33, 37, 48 Other authors, however, do not trust the morphologic features of lung opacities, because up to 50% of angio-invasive aspergillosis 49 may present as nonspecific air-space consolidation. 19, 50, 51 The results of this study agree with the latter opinion: most of both Aspergillus and bacterial pneumonias shared, in our series, a nodular pattern.
A perinodular rim of ground-glass (the CT halo sign), more common in the early phase and reflecting the presence of hemorrhagic micro-infarcts, 49 has been considered by many authors highly characteristic of angio-invasive aspergillosis 36, [52] [53] [54] ; this finding may however be found in herpes virus, cytomegalovirus and tuberculosis pneumonia, Wegener granulomatosis, and Kaposi sarcoma. 41 In our series, the CT halo sign was highly specific for the diagnosis of aspergillosis, although it occurred in one quarter of cases only.
Because of their angiotropism, Aspergilli may also cause segmental or lobar pulmonary infarction, 20 whose typical CT feature should be a wedge-shaped peripheral area of consolidation, usually extending to the pleural surface. 19, 30, 37 Such CT pattern did not show etiologic relevance in this study, occurring more frequently in bacterial pneumonia.
With hematologic reconstitution Aspergillus lesions may present cavitation, 30, 31, 44 which indicates positive prognosis. 35 Proteolytic enzymes released by the influx of granulocytes reabsorb the infarcted necrotic tissue at the center of the lesion, 20, 44 which is therefore separated from the adjacent lung by air, sometimes crescent-shaped. 36 This late-onset feature has been granted by some authors a relevant etiologic value for the diagnosis of aspergillosis, 19, 34, 49 whereas other authors consider it unreliable because nonspecific, untimely, and sometimes masked by repletion of the cavity with blood. 55, 56 Both cavitation and air-crescent sign, in this study, resulted more frequent in bacterial pneumonia, the latter with statistical significance.
Although an European consensus conference recently showed confidence in the etiologic significance of morphologic features of pulmonary opacities, defining a major criterion of fungal infection any new occurrence of halo sign, cavitation, and air-crescent sign, 57 some authors are skeptical about the possibility of CT-based etiologic diagnosis of pulmonary infections in the immunocompromised patients. 20, 33, 39 In a recent study, open-lung biopsy confirmed invasive fungal infection in 53% only of patients whose CT findings were highly indicative of pulmonary aspergillosis. 31 The results of our study agree with this latter paper: apart from the halo sign, having positive but not negative predictive value, no CT feature resulted statistically significant for the diagnosis of aspergillosis.
Patients admitted to this study were homogeneous with respect to the severity of aplasia and the characteristics of lung opacities; a partial limitation may, however, be recognized in the possibility that microbial agents isolated were not in some cases responsible of the pulmonary infection. The exclusion of patients with very small nodules, with interstitial opacities, and with suspected or proven pulmonary leukemic infiltrates may also represent a form of selection bias.
In conclusion, in this study both the morphology of lung opacities and the presence of cavitation did not allow any etiologic prediction. The ground-glass halo was, however, highly specific for invasive aspergillosis.
